In order to show whether the distribution of Urtica is primarily restricted by this high utilization of nitrogen, it is necessary to measure mineral nitrogen production in the three soils under field conditions, but it is difficult to estimate the uptake by tree roots. Measurements of the total nitrogen reserves in the soils and the rate of production of ammonia and nitrate by incubation show that there is little difference between the three soils when the sieved soil is compared (Table 2 ), but because of the large volume of limestone fragments in the soil under Mercurialis, this can supply less nitrogen on a unit area basis. Whatever effect this may have on the mature vegetation, it seems unlikely to prevent the establishment of seedlings of Urtica, which would at first exploit only the pockets of soil between the rocks. The establishment of seedlings on the three soils was therefore investigated experimentally.
EXPERIMENTS ON SEEDLING ESTABLISHMENT

Glasshouse and garden experiments
In the first series of experiments fruits of Urtica dioica were sown on soils from various sites in Derbyshire and Cambridgeshire. In these, as in all subsequent experiments, soil was obtained only from the upper 15 cm of the profile and was used immediately, as rapid and significant changes in nutrient availability occur during storage. In certain experiments soil cores were transferred to pots so that the profile remained intact. On soils obtained from the following sites, the seed germinated but the growth of the seedlings was checked after only the cotyledons and first pair of leaves had been produced: Parallel experiments using soils from sites where Urtica dioica grows naturally gave variable results. Soils on which mature nettles grow luxuriantly (height of shoots, >2 m; leaf area index, 3*0-4.0) and where there is natural regeneration, allow rapid growth of seedlings under experimental conditions (Table 3 ) and there is little or no response to addition of phosphate, but, on soils from sites where mature plants of Urtica are weakly grown (height of shoots, < 1 m; leaf area index, 2 0) and fail to regenerate, the growth of seedlings was also checked at an early stage, unless phosphate was added.
FIG. 3. Twelve-weeks-old plants of Mercurialis perennis grown in pots of soil on which
this species naturally occurs and on which Urtica dioica fails. Left, no addition; right, additional phosphate (14 mg P/pot).
In the second series of experiments, growth of Urtical was compared with growth of Bralchypodium silvalticum, Deschalmpsial calespitosal and Mercuriallis perennis, with and without addition of phosphate, on soils on which these species occur and regenerate naturally. These experiments show quite conclusively that these species grow vigorously and healthily under glasshouse conditions on soils which are too deficient in available phosphate to allow Urtical to grow beyond the first leaf pair. The response to additional phosphate of Bralchypodium silvaticum and Deschalmpsia caespitosat does not attain statistical significance (P = 0 05) and although there is a significant response in some experiments with Mercuriatlis perennis, the plants grown on the soil without addition are healthy and as tall as plants given additional phosphate, though their dry weight and leaf area are slightly reduced (Fig. 3) .
The growth of several other species commonly associated with Urtica dioica has been investigated in subsequent experiments (Table 4) . Urtica is the most sensitive to phosphate deficiency but Alliaria petiolazta, Chalmaenerion angustifolium, Chalerophyllum temulum and Sambucus nigra are also very sensitive and all these species show almost no response to addition of nitrogen alone, while the growth of Sambucus is reduced. Silene dioica shows a clear response to addition of nitrogen but a greater response to addition of phosphate. There is a significant positive interaction between nitrogen and phosphate in Urtica dioica but this is most clearly of ecological significance in Galium aparine. This large-fruited annual is commonly found scrambling over Urtica dioica but rarely occurs where Mercurialis perennis is dominant. M. H. Martin has found that growth of seedlings of Galium on soil from beneath Mercurialis is checked at an early stage and, though new shoots continue to develop, the individual leaves are stunted and no flowers are produced. There is almost no response to addition of either phosphate or nitrogen alone, but in combination vigorous growth ensues and both flowers and fruits are developed. Field experiments The response of plants to experimental treatments under glasshouse conditions is notoriously unreliable as a guide to their behaviour in natural vegetation. In March 1962 two simple field experiments were set up to examine the response of Urtica to additional phosphate on soils which naturally supported Mercurialis perennis. In each site, seed of Urtica dioica was scattered evenly over three pairs of matched plots, each 1 m square, in areas dominated by Mercurialis, and one plot in each pair was watered with a solution of calcium dihydrogen phosphate to raise the concentration of phosphorus by 5 g/m2; this concentration is a little less than the concentration of available phosphate in the top 10 cm of soil under vigorous colonies of Urtica dioica, as judged by leaching with 10% citric acid. In Buff Wood (Cambridgeshire) plots were selected in old coppice and in an area recently coppiced. In Cressbrook Dale (Derbyshire) the plots were established while the trees were leafless and all proved to be in deep shade during the summer months.
At the beginning of September, seedlings or young plants of Urtica were present on all plots in Buff Wood. The dry weight of plants harvested from this experiment show a highly significant interaction between phosphate concentration and light intensity (Table 5 ). In high light intensity and with added phosphate, the plants of Urtica were already taller than the shoots of Mercurialis by August (Fig. 4) and the root immediately below the hypocotyl had begun to form the thickened over-wintering storage organ; but without added phosphate and in deep shade, only a few seedlings survived and these were restricted The plots in Cressbrook Dale were revisited in September and several small plants of Urtica were present on all the plots to which phosphate had been added but there were no plants on the untreated control plots. The plots with added phosphate were conspicuous because the shoots of Mercurialis were chlorotic, and on these plots plants of Epilobium montanum had appeared spontaneously, although this species was absent from the surrounding area dominated by Mercurialis.
Ecological significance of the experimental results
There seems little doubt that except in deep shade the failure of Urtica dioica and at least some of its common associates to become established in sites dominated by Mercurialis perennis or Deschampsia caespitosa must be attributed to the low supply of available phosphate in the surface soil, even though the supply is adequate for regeneration of Mercurialis and its associates. The effect of providing additional phosphate can scarcely be through a stimulation of microbiological conversion of nitrogen, as the addition of ammonia or nitrate in the absence of phosphate produces no effect, or increases the severity of symptoms of phosphorus deficiency. There can therefore be no doubt that on the range of woodland soils included in the experiments described so far, the distribution of Urtica dioica is restricted by phosphorus rather than nitrogen supply. On soils deficient in organic matter, however, nitrogen deficiency may be equally important and successful establishment on abandoned arable land on chalk, for example, has been found to require the addition of both nitrogen and phosphorus.
The establishment of isolated colonies of U. dioica on burnt ground, in the immediate vicinity of decaying tree stumps, or on ground contaminated by animal faeces is apparently also a result of an increase in the supply of available phosphorus. In spite of the low concentration of available phosphate in either protorendzina or mull soils under Mercurialis, the total phosphorus content of the surface soil is generally in the range 30-80 mg per 100 g dry soil. Much of this phosphorus is bound in organic matter and is released as inorganic phosphate when the soil is scorched; this supply is supplemented by phosphate derived from wood ash. Seedlings of Urtica grow vigorously on the site of fires in woodland, and, on soil from under Mercurialis, addition of wood ash or a thin layer of the same soil, which has been heated to 5000 C in a muffle furnace, is as effective as the addition of phosphate (Table 6 ). When Urtica is grown on a deep layer of burnt soil it generally suffers from nitrogen deficiency. Decay of brushwood and shallow feeding-roots of many trees is also accompanied by a release of inorganic phosphate. This is probably particularly true of trees with ectotrophic mycorrhiza which contains a high concentration of phosphorus. Decayed tree roots mixed with the surface soil provide an adequate source of phosphate for Urtica seedlings in pot experiments. Similarly the total phosphorus and inorganic phosphate content of animal faeces is generally much higher than in most soils and Urtica seedlings will grow vigorously on woodland soils manured in this way (Table 6 ). Finally the occurrence of U. dioica on the site of settlements which have long since been abandoned is readily explained in terms of the persistence of a high concentration of phosphorus, as organically-bound phosphorus is very stable in soil and phosphate ions are strongly adsorbed. The total phosphorus concentration in such sites is often as high (150-200 mg per 100 g dry soil) as in soils from the vicinity of modern farms.
The use of U. dioica as an indicator of phosphate deficiency A remarkable feature of the phosphate requirement of Urtica seedlings for successful establishment on many woodland soils, is that addition of as little as 0-1 mg of phosphorus, as a soluble phosphate, to the site where a seed is germinating prevents the growth of the seedling being checked, although subsequent growth-rate is less than with larger additions. If the quantity of phosphate is kept constant but the concentration of the solution added to the site where a seed is germinating is varied, the growth-rate of the seedling is correlated with concentration, at least over the range 0-10 m.e./l. orthophosphate. Apparently the seedling requires a high local concentration of phosphate to stimulate its growth. Detailed analysis of the growth of Urtica seedlings on soil from under Mercurialis, with and without additional phosphate, suggests that the first recognizable effect of additional phosphate is an increase in leaf area. Under glasshouse conditions, 7 days after the emergence of the radicle, seedlings with additional phosphate have a mean leaf area over five times that of seedlings without addition, but at this stage there are no significant differences between treatments, either in the number of roots-tips, or in the dry weight and length of the root system. By the end of the second week, the difference in mean leaf area has increased to over ten times and there is also a correspondingly greater root growth, so that the seedlings with additional phosphate would be expected to benefit from the greater volume of soil which is exploited.
The rapidity with which symptoms of phosphorus deficiency develop allows Urtica dioica to be used as an indicator of soil phosphate availability, and for a number of reasons it is more convenient for this purpose than tomato (Solanum lycopersicum) which was suggested by Meyer (1929) . The dry weight of the embryo and endosperm of Urtica is under 0-1 mg, so that seed reserves are soon exhausted and the seedling becomes dependent on the soil. A high proportion of fruits germinate almost simultaneously about 10 days after moistening, and although wild plants of Urtica are usually heterozygous for numerous characters, within-treatment variance of dry weight and leaf area of seedlings is very small. Large quantities of fruit are easily collected and remain viable for several years when stored dry in paper packets. Seedlings of Urtica dioica, however, cease growth at an early stage (1-10 mg dry weight) on many woodland soils (mulls and rendzinas) but grow vigorously if additional
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